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+ div(ρu) = 0.
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t∂Σ = nΣ ×n∂Ω
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(m · t∂Ω − cos(θs))
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Ω̂
øsñ
ψ̂(t, x̂) = ψ(t, Ât(x̂)).
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(t, Ât(x̂)) + w(t, Ât(x̂)) · ∇ψ(t, Ât(x̂)).
' 9 ,
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w · ni = u · ni
ïyã
∂Ωi



























V = L2(0, T ; H1
n



























(Ω̂), M̂ = L20(Ω̂).

Öãtó¼âýï íLçèã û öTäåGýâlô¼ó¼âó&âÑõAóöðnã¼òóAç¿ïyãõåyòÑâÑõåGä&âênâ )¼ã¼âÑêøñ
VT = {v : [0, T ] × Ω → R
d, v(t,x) = v̂(Â−1t (x)), v̂ ∈ V̂ },
MT = {q : [0, T ] × Ω → R, q(t,x) = q̂(Â
−1
t (x)), q̂ ∈ M̂}.
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u(t = 0, .) = u0åGã¼ê 







ρ(t,x) = ρ̂(Â−1t (x)) = ρi,
ö£ïyä
x ∈ Ωi(t).
' 9 : ,
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ρu · v +
∫
Ω























tr(∇Σv) dσΣ − β
∫
∂Ω










q div(u) = 0.
' 9 ,
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u
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v ∈ VT

















ρu · v −
∫
Ω
ρw · ∇u · v − div(w)ρu · v + ρu · ∇u · v,
þ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ρ
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Φ · m dl∂Σ,
' 974 ,






ç¿õ2ó¼âïyäAó¼ï û ïyãåGæ nä&ï 3AâÑòó&ïyäïyãó&ïÎó¼âóåGã û âãóBõåyòÑâó&ï Σ åGóïyçèãó x 
PΣ(x) = Id − nΣ(x) ⊗ nΣ(x).
ëïyóAç¿òÑâ]óåGóó¼â\õAðnä8ö£åyòÑâ û äåyê6ç¿âãóïGö X ïyãnæèñênââã¼ênõBïyãó¼âílåGæèð¼âÑõïGö X ïyãó¼â]õAðnä8öåyòÑâ Σ 




σn∂Ω · v −
∫
Σ
γHv · nΣdσΣ = −
∫
∂Ω







v · m dl∂Σ.
':9 ,




σn∂Ω · v − γ
∫
∂Σ




(u − ub) · v + γ
∫
∂Σ
(m · t∂Ω − cos(θs)) t∂Ω · v dl∂Σ − γ
∫
∂Σ




(u − ub) · v − γ
∫
∂Σ
cos(θs)t∂Ω · v dl∂Σ,
þ¼âä&âþhâ&åÑíqâð¼õâÑê ó¼âö£åyòóóåGó
v · m = (v · t∂Ω) (m · t∂Ω) 
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Ω̂ = Ω̂1 ∪ Ω̂2 áBçèíqâã:ó¼â]ýâÑõ 














ôDþâ4åGçèý ó&ï nä&ï1å û åGó&âó¼âÑõ&âóÖþhïçèó&âýõó&ïóAçèýâ
tn+1
ô6ð¼õAçèã û ó¼âþâ å t÷ùDüìöïyäAý\ðnæjåGóAç¿ïyã ' 9 , 
±ã åyênê6çèóAç¿ïyã ó&ï
(Mn,un)




âBþçèæèæDòÑïyýâøåyò 4ó&ï.çèó&õòÑïyý8nðnóåGóAç¿ïyãøâæ¿ï þô6çèã  âÑòóAç¿ïyã      5 âçèãóAä&ïLê6ð¼òÑâó¼âå0+næèç¿ò åGóAç¿ïyã
An,n+1 :
{
(Ωni )i=1,2 → (Ω
n+1
i )i=1,2
y 7→ x = y + δtwn(y)
,
':  ,









i = 1, 2 5 çèó¼ïyðnóæ¿ïlõ&õBïGö û âã¼âäåGæèçèóÖñqô
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(Ω), Mh,n ⊂ L
2
0(Ω).ëïyóAç¿òÑâóåGóó¼âÑõ&â")¼ãnçèó&ââæ¿âýâãó õåyòÑâÑõ4ênâ=âã¼êìïyã ó¼âtóAçèýâçèã¼ênâ *
n
ôõAçèã¼òÑâó¼âýâÑõ1ç¿õ
ýï íLçèã û 0 ö6òÑïyðnä&õ&âlôGó¼âÑõ&â )¼ãnçèó&â	âæ¿âýâãsóIõåyòÑâÑõIã¼âÑâÑêó&ïõ$åGóAç¿õ8öTñBó¼â	òæjåyõõAç¿ò åGæqçèã6öTúÖõAð+\òÑïyã¼ê6çèóAç¿ïyã 
Öóç¿õåGæ¿õ&ï%ïlõ&õAçèønæ¿â.ó&ï ð¼õ&â\ó¼â3õåGýâ )¼ãnçèó&â3âæ¿âýâãó]õåyòÑâÑõBö£ïyäó¼â.íqâæ¿ïsòçèó±ñåGã¼ê:ó¼â nä&âÑõ&õAðnä&â
åGã¼êÔå4õ&óåGønçèæèçèé âÑêíyåGäAçjåGóAç¿ïyãåGæ#ö£ïyäAý]ðnæjåGóAç¿ïyã  5 â.ä&âXöâäBö£ïyäâ *nåGý8næ¿âó&ï 7 ¼ô 9760;'ïyäó&ï  å0nó&âä çèã 70;
ö£ïyäýïyä&âênâóåGçèæ¿õ ÷Bõâ * næjåGçèã¼âÑê:åGø=ï|íqâlônþhâð¼õâó&âÑõAóöTðnã¼òóAç¿ïyã¼õ2þnç¿ò ö£ïyæèæ¿ï þ ó¼âênâXöïyäAýÎåGóAç¿ïyã:ïGö-ó¼âênïyýÎåGçèã
û çèíqâãøñ An,n+1 "ó¼âó&âÑõAóöðnã¼òóAç¿ïyã¼õåGóóAçèýâ tn+1 øâæ¿ïyã û ó&ï3ó¼âBö£ïyæèæ¿ï þçèã û õåyòÑâÑõ 
Vh,n+1 = {v(tn+1, .) : Ω → R
N ,v(tn+1,x) = v(tn,A
−1
n,n+1(x)),v(tn, .) ∈ Vh,n},
Mh,n+1 = {q(tn+1, .) : Ω → R, q(tn+1,x) = q(tn,A
−1
n,n+1(x)), q(tn, .) ∈Mh,n}.
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(un+1, pn+1) ∈ Vh,n+1 ×Mh,n+1
õAð¼òtóåGó ôLöïyäåGæèæ









































ρun+1 · v +
∫
Ωn+1























(un − wn) · nΣn+1 u



























































n+1 · v(tn+1, .).
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(un − wn) · nΣ u
n+1 · v dσ
þ¼âä&âBþhâåÑíqâBð¼õ&âÑê
ó¼âã¼ïyóåGóAç¿ïyã
δρ = ρ2 − ρ1,
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 ,
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∂Ω
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wn
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 ¼âã wn ô (Ωn+1i )i=1,2 åGã¼ê (un+1, pn+1) åGä&âòÑïyý8nðnó&âÑê:åyõöïyæèæ¿ï|þ2õ 






ρun · v dx
çèãtó¼â]õAñLõ&ó&âý ':  , 
'Tçèç-, ïyý8nðnó&â







































'Tçèçèç-,  ï íqâó¼âã¼ïsênâÑõ2ïGö"ó¼âýâÑõåyòÑòÑïyä&ê6çèã û ó&ï An,n+1 ênâ )¼ã¼âÑêøñ ':  , 
'Tçèí+, ïyý8nðnó&â	ó¼â#ä&âýÎåGçèãnçèã û ó&âäAýõ 'ênâ )¼ã¼âÑê\ïyã Ωn+1 ,çèã]ó¼â#õAñLõ&ó&âý ':  , 'Tþçèóçèã&åGäAóAç¿òðnæjåGäó¼â]åyõ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tr(∇Σv) dσΣ − β
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q div(u) = 0.
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δρ
,
∇ρ = δρnΣ δΣ.
































    1 & 	    -0/( .-   .- -0   / &0-  ,  ,

Öã3ónç¿õ	õ&âÑòóAç¿ïyãDôqþânä&âÑõ&âãó	ó¼âòÑïyðnãó&âäåGäAó&õïyã3ó¼âóAçèýâXúÖê6ç¿õ&òä&âóAçèé âÑêõAñLõ&ó&âý ïGöó¼â2òÑïyý8nðnóåú
óAç¿ïyã¼õýÎåyênâçèãæjåyõAóõ&âÑòóAç¿ïyãïyãó¼âBòÑïyãóAçèãð¼ïyð¼õõAñLõ&ó&âý  5 âïyãnæèñòÑïyã¼õAç¿ênâäóAçèýâBê6ç¿õ&òä&âóAçèé|åGóAç¿ïyãDôãåGýâæèñó¼âõAñ6õAó&âý ':  ,2þçèó
(un, pn) ∈ V ×M   ïyäó¼â.ênâóåGçèæ¿âÑê nä&ïLïGöõïGö	ó¼âÑõâ\ä&âÑõ&ðnæèó&õ ôþhâä&âXö£âä2ó&ï 7 4 ; 
 ¼âÎênâäAçèílåGóAç¿ïyãïGöó¼â4âã¼âä û ñâÑõ&óAçèýÎåGó&â4åGó]ó¼âÎê6ç¿õ&òä&âó&âæ¿âíqâæhä&âæèç¿âÑõ\ïyãPó¼â4õ&ïGúÖò åGæèæ¿âÑê û âXúïyýâóAäAç¿ò3òÑïyã¼õ&âäAílåGóAç¿ïyãÔæjåÑþ '£åGønønä&âíLçjåGó&âÑê ¼âã¼òÑâXöïyäAó åyõ]á ù	ô=õâÑâ%7(96ô :6ô  ; ,þnç¿ò PþäAçèó&âÑõçèã
ïyðnäöäåGýâþhïyä   
'Ù	
  % +1+    "!	  "!  *    A   '    wn !	  "!  #  & (0, 0, wn)    φ :   #&%	(')  
* "9   *  Ωn+1i 2 #) i = 1  2  !   "! 	












































þnç¿ò  ç¿õïyønóåGçèã¼âÑê4öTä&ïyý ' 9 .,#øsñóå Lçèã û ψ = 1   ¼â nä&ïLïGöeä&âæèç¿âÑõïyã å\ò åGã û âïGöDílåGäAçjåGønæ¿â  5 âä&âXöâäó&ï$7 ;Iïyäó&ï"7 ;
ö£ïyä2ênâóåGçèæ¿õ 




































































 ¼ââÑõAóAçèýÎåGó&â ':  ,ç¿õó¼âê6ç¿õ&òä&âó&âòÑïyðnãsó&âäåGäAóBïGö': 6 , 
 ¼â\åGãåGæèñ6õAç¿õBïGö#ó¼âæjåyõAóó&âäAý çèã ':  ,!'Tþnç¿ò ç¿õ2ä&âæjåGó&âÑêó&ïÎõ&ðnä8ö£åyòÑâó&âã¼õ&ç¿ïyã,ä&â43sðnçèä&âÑõó¼âöïyæèæ¿ï|þçèã û æ¿âý3ýÎå6ônþnç¿òò åGãtøâõ&âÑâãåyõåõ&ðnä8ö£åyòÑâ û âÑïyýâóAäAç¿ò]òÑïyã¼õ&âäAíyåGóAç¿ïyãæjåÑþ&
'Ù	
    % +1+    "!	  "!  *    A   '    wn !	  "!  #  & (0, 0, wn)    φ :   #&%	(')  
* "9   *  Σn+1   !   2  # δt   &%  '   >  & H  "!	 

















   ?    2  # δt   &%  '   >  &    "!	 




















n ◦ A−1n,n+1)) dσΣn+1 .
':.,
   A   2   :  "!
'     2 "!  *      H'  :   ?    "!   ? /  *   # "!     %E      7	
<  *
7 <    #  *   δt2   "!       δt→ 0 







φ(t, .) dσΣt =
∫
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ρ1 = ρ2 = 0.81
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β1 = β2 = 1.5
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cos θs ≈ 0.38 ÷ó
t = 0
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on the contact point C1
Point A
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